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TWO-DAY STUDY INTO THE RELATION BETWF£N P0LYMERIC MDI CONCENTRATION 

VALUES OBTAINED BY A QCM-CASCADE, HPLC AND COLORIMETRY 

1. INTRODUCTION 

At the request of the International Isocyanate Instit~te Inc. USA a 

research pro~ram i s being performed t c investigate the toxicological 

proper ties of in t!.aled polymeric MDI. 

During a previous two-week inhalation study with polymeric MDI, carried 

out in the scop~ of this program, large, inconsistent differences were 

observed between concentration values obtained b y the QCM-cascade and by 

HPLC o~alyses (see CIVO re port no. V 82 .308). 

~ince bo t h methods of analyses should also be used during future studies 

with !JO lyme .ric MDI, it was deemed necessary to perform an addi tiona! 

study to verify the relation ~etween the results of both methods. Th~ 
3 

conceatrat i cns selected for this study were 0. 2 and 1 mg/m air, the 

same conl~entratious as will be examined during a three-month inhalation 

study. 

Additionally, a colorimetric method for the determination of polymeri c 

MDI in air was in traduced. 

2. M...A.TERIAL AND METHODS 

- Test material 

A sample of polymeri c MDI (Desmodur 44 V20) was received from Bayer AG, 

Le~erkusen, FRG, in May, 1982. Desmodur 44 V20 is a viscous 

( n• 200 !_ 40 mpas), dark brown liquid with the following composition as 

specified by Bayer AG: 

NCO content 

hydrolysable chlorine 

total chlc rine 

chlorob e1'\Z enes 

phenyl isocyanate 

cm1tent of mono~eric MDI 

30 + 2 % (w /w) 

~0.3 r. 
~0.8 % 

~0.015 % 

~0.005 :t 

52 + 3 % 
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Tha polymeric MDI aerosols were generated in a stainless steel/glass air 

nebcliser. A cyclone was placed behir.d the nebuliser to remove large 

particles to ensure that, upon entering the inhalation chaaber, 95 % of 

the particles was smaller than 5 Jl m. 

3 The total airflow through the chambers ranged from 45 to 54 m /hour. 

The concentrations of polymeric MDI in the test atmos pheres were fix~d at 
3 0.2 and 1 mg/m air. 

The concentration of polymeric MDI in the two test attn~.. .. spheres was 

determined by: 

1) a Berkeley model C-lOOOA QCM Cascade Airborn~ Particle Size Analyzer. 

2) Calculation from the monomeric MDI concentration determinated by HPLC. 

3) Colorimetric dertermination of the total isocyanate content. 

The frequency 'Of sampling was accord ing to the following scheme: 

nominal concentration determination metho~ 
~--~--------------

level 

(mg/m3 air) 

0 ,.2 

1 

day 1 

20 

20 

QCM 

day 2 

19 

19 

day 1 

20 

20 

HPLC 

day 2 

20 

20 

day 1 

18 

20 

The particle size distribution in the polymeric MDI aerosol was 

determined five times. 

co lor. 

day 2 

18 

18 

All methods and analytical procedures, concerning the determination of 

polymeric MDI, except for tht', colorimetric method, are described in full 

detail in our report V 82.049. 

The colorimetr1.c methoci has been described in an addendum to this report. 
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3. RESULTS 

The results of the concentra tion determinations of polymeric ~I both the 

individ~l and tre mean data, are summarized in table 1. Particle size 

distributions are presen ted in table 2. 

The results of table 1 showed that: 

- The concentration data, obtained by HPLC, were uniform. On both days 19 
3 out of 20 val ues determin ed in t he 0.2 mp 1 ~ atmosphere were within a 

range of the mean plus/minus two times the standard deviation, while at 
3 

the level of 1.0 mg/m even all values were within t his range. The 

QCM-results and the colorimetry results showed a similar distribution. 

-The variances, expres~ed as the coefficient of variance, within the 

concentration values, obtained with the different methods, were 

comparable (see table 1). 
3 

- The particle size distribution of the 0.2 mg/m atmosphere and the 
3 

1 mg/m atmosphere was ab out the same . 

4. DISCUSSION 

In previous studies wlth polyme."'ic MDI aerosols differer1ces were observed 

between results of concentration values obtained by HPLC at one side and 

gra vime t ry and colorimetry at the other. 

In a Bayer report (Aufsatz et al.) it is ~·~tioned that the polymeric MDI 
3 

values obtained by HPLC in the 5 mg/m range were smaller than those 

oLta ined by gravimetry; the differences bet\<T een the results of bo~h 

analytical methods be ame larger as the concentration beca me lower. 

Although in the present study the HPLC values were also lower than the 

gravimetr1.c values, the differences bc:tween the results just .became 

smaller as the concentration became lower. 
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During the preliminary studies (see CI\'0 report V 82. 308) the ratio 

between results ob teined by QCM-cascad'.! and HPLC appeared to be 1. 27 at a 

level of about 5 mg/m3 air. The results of the present study showed a 
3 

ratio of 0.50 for the 1 mg.'m atmosphere and a ratio of 0.90 for the 
3 0.2 mg/m atmosphere. 

No explanation can be given for this discrepancy in res~lts at thia 

moment. 

The results obtained t'l y colo rime try are quite in agreement with those 

ott tained by QCM. The ratio's between results obtained by the QCM-cascade 

and by colorimetry were 1.21 
3 mg/m level and 1.43 for the 

3 
for the 5 mg/m level, 1.10 for the 1 

3 0 .2 m~/m level. 

From the data of the present study v e recommend the photometric 

(colorimetric) method as a second, ~hemical method for the determination 

of fOlymeric MDI in the further planned inhalation toxicology studies. 

5 • REFERENCE 

Aufsatz, M., H. Scheiter and J. Keller 

Analytical methods to monitor &erosols of polymeric 

4,4 1 -Dtphenylmethane-diisocyanate (MDI) at low concentrations. 

Bayer AG, Leverkusen, December 1981. 
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TABLE 1 - CONCENTRATIONS OF POLYMERIC MDI IN TEST Jl'l'K)SPHERES DETERMINED BY A QCM CASCADE (QCM) 1 

HPLC AND COLORIMETRY (COLOR.) < 

Nominal Concentrati~n 0.2 mg/m
3 

air 
OD 
N . 
w 

No DAY 1 DAY 2 
a-

QCM HPLC COLOR. QCM HPLC COLOR. 

) 0.41 0.29 0.40 0.31 0.28 0.3.3 
2 0.31 0.23 0.41 0 . 37 0.27 0.43 
3 0.35 0.26 - 0.29 0.27 0.39 
4 0.35 0.27 0.46 0.29 0.27 0.46 
5 0.36 0.25 0.46 0.31 0.27 0.44 
6 0.31 0.27 0.47 0.32 0.26 0.44 
7 0.37 0.27 0.47 0.25 0.29 0.46 
8 0,28 0.28 0.49 0. 32 0.20 0.47 
9 0.32 0.29 0.50 0.15 0.31 0.42 

w 0.28 0.29 0.49 0 . 33 0.32 0.43 
l! 0.37 0.30 0.50 0.34 0.33 0.48 
12 0. 36 0.31 0.56 0. 25 0.31 0.45 
13 0.33 0.31 0.52 0. 3} 0.33 0.51 
14 0.35 0.31 0.54 0.28 0.33 0.47 
15 0.33 0 . 31 0.55 0. 32 0.31 0.34 
16 0.37 0.31 0.50 0.35 0.29 0.41 
17 0.34 0.3U 0.53 0. 34 0.33 0.49 
18 0.45 0 . JO - 0. 29 0.30 0.53 
19 0.28 0.32 0 .54 0. 28 0.30 
20 0.27 0.32 0.50 0.30 

-
Mean 0. 34 0.29 0.49 0 . H 0.29 0.44 
so.* 0 . 045 0.025 0.04 0 . 1)35 0.032 0.05 
cv** 13.2 8.6 8.2 II. J 11.0 11.4 
--
* SD • Standard Deviation 
~cv "" Coefficient of Variance a-
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fABLE I -CONTINUED 1. 
,~, 

~ 

J 

~ormal Concentration 1 mg[m3 air 
< 
00 
N 

No DAY 1 DAY 2 . 
w 
0\ -

"!"'M '<--- HPLC COLOR. QCM HPLC COLOR. 

1 1.22 0.67 I. 43 ). 13 0.62 ). 30 
2 2.33 0.70 ). 56 • C(. 

I • J"-' 0.62 1.50 
3 I. 41 0. 73 ). 73 0.76 0.44 0.88 
4 1. 37 0.60 1.56 ). 16 0.40 0.88 
5 l. 33 0.54 ). 41 0.80 0.38 0 . 96 
6 I. 19 0.57 I. 46 0. 70 0.36 0.90 
7 1.13 0.56 I. 29 0.89 0.34 0.81 
8 I. 13 0.59 I. 49 I. 13 0 . 31 0. 71 
9 I. 03 0.51 I. 26 0.79 0 . 28 o . 79 

10 1. 12 0.54 I. 27 u . 68 0.42 0.68 
11 1. 32 0.63 I. 37 0. 73 0.49 1.17 
12 I. 66 0.65 ). 29 0.93 0.57 1.34 
13 1. 13 0. 72 I. 43 0.96 0.59 I. 29 
14 ). 29 0.70 1.41 I. 24 0.59 1.33 
15 I. 29 0.67 1. 43 0.93 0.60 1.43 
16 1. 29 0. 72 1. 51 I. 04 0.69 I. 27 
17 I. II o. 72 1.03 0.85 0.68 1.48 
18 1.49 0.75 1.45 0.98 0.65 I. 17 
19 1. 13 0.80 I. 59 I. 37 0 {.7 

- -~' 

20 2. 15 0. 72 I. 33 - 0.63 

Mean 1. 36 0.65 1.42 0.96 0.52 1.11 
SD* 0.34 0.08 0. 15 0.25 0.14 0.28 
ev:** 25 12.3 10.6 26.0 26.9 25.2 

* SD • Standar d Deviation 
** CV • Coefficient of Variance ...... 
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TABLE Z - PARTICLE SIZE DISTRIBUTION 0~' POLYMER:':C MDI AEROSOLS 

Aerodynamic 

Dose level diameter Distribution (%) in sam~1e 

D50 (nm) 1 2 3 4 5 

22.6 0 0 0 0 0 

10.9 0 6 4.6 0 0 

6.4 6.9 6.3 9.9 9.2 8.1 

3.3 5.3 ~.8 15.2 7.1 18.7 

0.2 mg/m 3 
1.80 13.8 12.7 19.8 13.9 16.7 

:!. 55.7 54.Y 37.3 54.9 48.2 

0.60 11.1 10.3 13.3 14.9 8.7 

0.37 7.4 0 0 0 0 

0.20 0 0 0 0 0 

0.12 0 0 0 0 0 
MMADI)., 2.4 \.liD 

crg 
2) 

• 2 IJM 

---··· ... -----------------------------------·--------------------
22.6 

10.9 

6.4 

3.3 

1 mg/m 3 
1.80 

1 

0.60 

0.37 

o. 20 

0.12 

MMAD • I. 7 IJID 

crg - 2 ~ 

t) MMAD • Mass Median Aerodynamic Diameter 
2) crg • Geometrical Standard Deviation 

0 0 

0 0 

0 4.7 

8.5 7.3 

46.9 !+7.3 

23.8 23.0 

14.8 17 . 8 

3 , 0 0 

3.1 0 

0 0 

0 0 0 

0 0 0 

0 .,.J 0 

18.2 5.1 2.3 

47.6 43.2 47.0 

25.7 32.3 31.1 

8.5 12.5 13.0 

0 3.6 4.9 

0 0 1.7 

0 0 0 
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ADDE UM ·~ !) REPORT NO. V 82.3 61 

TWO-DAY STUDY INTO THE RELATION BE~Y !-1 

POLYMERIC MDI CONCENTRATION VALUES OBTAINED 

BY A QCM-CASCADE~ HPLC AND COLORIMETRY. 

Analytical method for the determin ~ tion 

of Polymeric MDI in air. 

Author: Ing F.G. Behlau. 

- 9 -
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6. CALCULATION 

The concen tr· tion of polymeric MDI is calculated as follows: 

A
2 

X Vl X 1000 

F X d X V2 

3 
C • concentration of polymeric liD I in the air in mg/m 

a 
A2 • absorbency at 555 nm 

F • standard factor for 1 mg of polyme.ric MDI d issolved in 1 ml 

d. • path length in c:m 

Vl • volume of measuring solution in r4l in t 1otal 23 ml ( 5 ml o f 

solutiorl mixed with water and reagents to give 23 ml) 

V2 • air sampie volume in litrts. 
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DETERMINATION OF POLYMERIC MDI IN AIR - COLORIMETRIC t-1ETHOD 

1. PRINCIPLE OF THE METHOD 

Air is drawn through a washing bottle containing 5 ml of an absorber 

solution with a flowrate of 1.5 1/min. MDI is abs orbed and hydrolyz~d 

to the corresponding amines. After diazotation and coupling with 

1-(N-naphtyl)-ethylenediamide the absorbency of the solution is 

determined spectrophotometrically against blanks. 

2 • APPARATUS 

2.1 Air sampling device. 

The inlet of the wa3hing bottle (figure 1) is connected with the 

chamber. The outlet is fitted to an air sampler (~.g. type Rotheroe 

and Mitchell). 

2.2 Spectrophotomet~r. 

Zeiss DMR 21 spectrophotometer or similar equipment . 

3. REAGENTS 

3.1 Solution of concentrated sulfuric ac.id in dimethylsulfoxide 
(5/95 v/v). 

3.2 Solution of 1.5 & of NaNOz and 3.6 g of KBr in 100 ml of water. 

3.3 Solution of 15 g of sulfamic acid (mi2-so3H) in 100 ml of water. 

3.4 Solution of 1 g of 1-(N-naphthyl)-ethylenediamine and 2 ml of 
1 N-hydrochloric acid in 100 ml water. 

3.5 2 N-hydrochloric acid. 
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4. METHOD 

4 .1 Air sampling. 

4. 2 

4.2. 1 

4 .2 .2 

4. 2. 3 

4. 2. 4 

4. 2 .5 

4 .2. 6 

5 . 

The washing bot t le is filled wi th 5 ml of solution 3.1. The 

inlet of the iJottle is connected with the inhalation chamber. 

Air is drawn through the absorber s oh1tion with a flowrate of 

1. 5 l .'min for approx. 10 minutes. 

Analytica l proc e ~ure. 

Add 5 ml of water to the washing bottle. Al l ow the solution to 

cool do~1 for 15 minutes. 

Add 1m! o f s~lution 3. 2 , wai t 5 minutes. 

Add 1 ml of solution 3.1 . wait 5 minutes. 

Add 1 ml of solution 3.4, wait 10 minutes, shake solution 

frequently for release of nitrogen. 

A,! :, 10 ml of 2 N-hydrochloric acid. 

L~avf! the soluti.on for 60 .:t_ 15 min•ttes. Run a spectrum of the 

solu .: ion and a h .1.ank in the range of 830 nm to 520 nm. Measure 
the abs o rbency (A) in the rcaximum of absorption at 555 nm. 

CAL IBr~\TION 

Follow procedure with s ~andard solution. 

Calculation of standard factor F: 

F • Al X V 
W X d 

A1 • absorbency at 555 nm 

V • volume of measuring solution 

w • polymeric MDI in t~1e mf!asaring solution in mg 

d • path length in em 
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